Four small-celled taxa are presented and describedPlanothidium werumianum, P. pumilum, P. rhombiculum and P. rostratoholarcticum. Planothidium werumianum, P. pumilum and P. rhombiculum are proposed as new to science and P. rostratoholarcticum as a new name for Achnanthes lanceolata var. rostrata Hustedt 1911. The latter, coming from Germany, is transferred to Planothidium in the species rank. The new name -P. rostratoholarcticum − is necessary to avoid a junior homonym, i.e., Planothidium rostratum (Østrup) Lange-Bertalot 1999, a species described from tropical Thailand. The new taxa were compared to several other, more or less similar small-celled Planothidium spp., such as P. rostratum (Østrup) Lange-Bertalot, P. minutissimum (Krasske) Lange-Bertalot, P. granum (Hohn & Hellerman) LangeBertalot, P. daui (Foged) Lange-Bertalot, P. frequentissimum (LangeBertalot) Lange-Bertalot and P. engelbrechtii (Cholnoky) Round & Bukhtiyarova. Significant differences could be found through light-and electron microscopic fine structure analysis. Planothidium pumilum and P. rostratoholarcticum occur mainly in eutrophic alkaline rivers and lakes with medium to high * Corresponding author: mabak@univ.szczecin.pl conductivity, likewise in estuaries, lagoons, and backwater of the North Sea and the Baltic Sea. Planothidium werumianum and P. rhombiculum were found in small carbonate-rich rivers originating from medium altitude mountains.
INTRODUCTION
What is the reason for continuous discoveries of taxa, even in a relatively well-investigated region of Central Europe? They cannot be identified among those described in the available literature, e.g., "Süsswasserflora von Mitteleuropa" (Krammer & Lange-Bertalot 1986 , 1988 , 1991a , 1991b . This is caused by the intensified monitoring of springs, lentic and lotic waters, which started with the implementation of the Water Framework Directive (Directive 2000/60/EC). In the past, as compared to the present-day diatom research, only few phycologists used to take random samples and present taxonomic results. It might be that the improving water quality allowed the return of rare taxa to their former habitats or "exotic" species, known from other continents, found new favorable habitats. Some of them might have been simply overlooked, neglected or misidentified in the past.
MATERIALS AND METHODS
Samples for diatoms were collected over the course of several years, in various regions of Central Europe and various water bodies and watercourses. Some of them, like the Oder River and Szczecin Lagoon were studied during several years, covering three seasons (spring, summer, autumn) within each year (the Oder: 2005 -2006 , Szczecin Lagoon: 1998 -2001 , Bąk et al. 2001 , 2004 , 2006 . Others, such as Ihner Bach or the Lauchert River were sampled once, and we did not have access to specific environmental data from these locations. The general characteristics of the sampling locations are summarized in Table 1 .
Epilithic and epiphytic samples were collected. Diatoms present in the samples were prepared in a standard manner (Battarbee 1986 ), examined and identified using a light-and scanning electron microscope (LM and SEM, respectively) . The light microscopes used in this study were: Nikon Eclipse E600 and Zeiss Scope.A1, with PlanAPO ×100 immersion objectives, 1.4 aperture. SEM examination was performed using a Hitachi S-4500. 
RESULTS

Planothidium werumianum Lange-Bertalot
Description
Frustules nearly straight in girdle view, about 2.5 µm broad. Valves consistently elliptical with obtusely rounded ends. Length 6.8-8.8 µm, breadth 3.2-3.7 µm.
Raphe valves: Raphe filiform, straight with slightly expanded central pores and likewise distinct distal endings. Axial area moderately narrow. Central area small, variable in shape due to one slightly shortened stria-pair or two striae may be shortened unilaterally. Striae radiate throughout, density 15.0-16.5 in 10 µm. For SEM external view see Fig. 2 : a-c. Central ends of the straight raphe branches with distinctly expanded, slightly deflected central pores. Distal raphe ends neither deflected nor bent to the mantle but running straight into small approximately circular grooves. Striae rather consistently with three series of areolae, running without interruption onto the mantle and not becoming broader. For SEM internal view see Fig. 2 : d, e. Central raphe ends not coaxial but deflected to opposite sides. Distal ends with Fig. 3 : a-c. Striae consistently biseriate on the valve face, becoming triseriate on the shallow mantle. Areola density likewise 60-70 in 10 µm. The surface is entirely smooth, and a bold relief between depressed virgae is absent. For internal view see Fig Ecology: The habitat is freshwater, eutrophic, β-mesosaprobic, alkaline, with medium conductivity. This is indicated by the dominant and co-occurring species, such as Amphora pediculus, Nitzschia dissipata, Navicula tripunctata, N. cryptotenella, N. antonii, N. lanceolata, N. gregaria, Rhoicosphenia abbreviata and Planothidium lanceolatum. The distribution of the species is not entirely known due to the lack of relevant data.
Planothidium pumilum Bąk & Lange-Bertalot sp.
nov. Figs 4: a-z, 5: a-e, 6: a-d
Descriptio
Frustula aspectu cinguli parum curvata apparentia circiter 2 µm lata. Omnes valvae stricte ellipticae vel aliquid lineari-ellipticae apicibus obtuse rotundatis. Longitudo 7.5-10 µm, latitudo 3.5-4 µm.
Raphovalva: Raphe filiformis recta poris centralibus distinctis extremis apicalibus fere longe curvatis ad latus. Area axialis angustissima leviter expansa versus mediam valvae. Area centralis parva leviter transverse dilatata singula stria abbreviata utrimque. Striae transapicales radiantes omnino, circiter 15 in 10 µm. Aspectus ultramicroscopicus externus internusque vide 
Diagnosis
Frustules in girdle view slightly curved, ca. 2 µm broad. Valves consistently elliptical to slightly linearelliptical with obtusely rounded, never protracted ends. Length 7.5-10 µm, breadth 3.5-4 µm.
Raphe valve: Raphe filiform, straight with slightly expanded central pores and distinctly curved distal endings. Axial area very narrow, slightly broader towards the small central area which is transapically extended due to the shortened median stria-pair. Striae distinctly radiate throughout, ca. 15 in 10 µm. For SEM external view see Fig. 5 : a. Raphe straight with slightly expanded central ends, terminal fissures unilaterally bent to the mantle. Areolae of striae pluriseriate, becoming broader towards the valve mantle and likewise towards the ends.
Rapheless valve: A cavum or uncovered depression visible in LM as a horseshoe-shaped structure is absent. Axial area very narrow, straight. A central area is consistently missing, no depression or gap between the two median striae on either side. Striae parallel proximally, becoming gradually subparallel and moderately radiate near the ends, 15.5-16.5 in 10 µm. For external view see Fig. 6 : a-d. Striae consisting of 5-6 series of areolae forming a bold relief between depressed, considerably narrow virgae.
Distribution: Rare in Poland and Germany but locally abundant. General occurrence mainly in rivers, lakes, estuaries, lagoons, backwaters of the North Sea and the Baltic Sea.
Ecology: Freshwater, alkaline with medium to high conductivity, common in highly eutrophicated 
Differential diagnosis of the new species
The new species differs from P. rostratoholarcticum in the absence of cavum; it differs from P. pumilum and P. werumianum by having regularly triseriate areolae on both valves and by having a rhombic outline. In addition, it differs from P. rostratoholarcticum and P. pumilum in the absence of distinct terminal fissures of raphe, and from P. werumianum in weakly sigmoid raphe, distinctly curved proximally without centrally expanded pores. From Planothidium engelbrechtii (Cholnoky) Round et Bukhtiyarova as a lectotype, it differs by having smaller dimensions, i.e. length 9.0-10.5 µm and width 3.4-4.3 µm (versus 8-19 and 3.3-5.5 µm), and also by having transapical striae of non-uniform density, between 12.5-13.5/10 µm in the central part and 14-15.5/10 µm near the ends (versus 16-18/10 µm throughout).
Description
Frustules in girdle view moderately curved, about 2.5 µm broad, raphe valves positioned on the concave side. Valve outlines more or less rhomboidal-lanceolate with obtusely rounded ends that are gradually protracted from the central elliptical part. Length 9.0-10.5 µm, breadth 3.4-4.3 µm.
Raphe valves: Raphe filiform with curved, barely expanded central ends or pores, respectively. Axial area narrow, very slightly expanded proximally. Central area small, defined by a single shortened median stria-pair. Striae subparallel in the centre, becoming progressively radiate towards the ends, ca. 12.5-13.5 in 10 µm proximally, 14.0-15.5 closer to the ends. For SEM external view see Fig. 7 : j, k. Raphe branches slightly sigmoid including distinctly curved central ends and much less deflected distal ends. The latter without distinct terminal fissures, the former are scarcely expanded. Striae consistently comprise three series of areolae running without interruption onto the mantle. For internal view see Fig. 7 : n. All details as described for P. werumianum. Areolae density is 55-60 in 10 µm, counted in a single series.
Rapheless valves: Cavum or uncovered depression absent, as in P. werumianum or P. pumilum, unlike P. rostratoholarcticum. Axial area narrowly lanceolate. Striae do not differ from raphe valves. For SEM external view see Fig. 7 : l, m. Valve surface smooth, no raised bold relief, just as in P. werumianum, unlike P. pumilum. Areolae triseriate as on raphe valves, unlike P. werumianum and P. pumilum. Areola density lower than for raphe valves, ca 50 in 10 µm. For internal view see Fig. 7 : o. Observations under LM can be confirmed and supplemented in details of fine structure by study under SEM. The sternum is broader than in P. werumianum. Etymology: Roughly speaking, the Latin epithet means "little rhombic", referring to relatively small dimensions and valve outlines.
Ecology: The freshwater habitat is eutrophic, β-mesosaprobic, alkaline, with moderate to high conductivity. This is indicated by the species-rich diatom assemblage, dominated by pollution sensitive taxa such as Navicula tripunctata, Gyrosigma sciotense, Amphora pediculus, Cocconeis placentula, Nitzschia sociabilis, N. dissipata. High abundance of Simonsenia indicate significant water level changes. Species indicative of higher salinity are absent. The distribution of P. rhombiculum is not entrely known because similar taxa have never been critically examined and compared using light or SEM microscopy. 
The taxon is typified by Slide 212/73 in Collection Hustedt (BRM). Lectotype designated by R. Simonsen (1987) .
Locus typicus: An Hypnum bei Borgfeld (Bremen) leg. Hustedt 1910.
Distribution: P. rostratoholarcticum is frequent in the lowlands, locally abundant, even mass development in various regions of Central Europe was reported by Hustedt (1933, p. 410, 411) , and confirmed recently.
Ecology: The occurrence mainly in eutrophic alkaline rivers and lakes with medium to high conductivity, likewise in estuaries, lagoons, and backwater of the North Sea and the Baltic Sea.
DISCUSSION
Concerning P. werumianum -the first of the two main distinguishing morphological characters versus P. pumilum is the striae pattern of the external rapheless valve, i.e. biseriate areolae on smooth valve faces vs. multiseriate (5-6) areolae forming a bold relief between depressed narrow virgae. The second one refers to raphe valves and consists in strictly straight distal raphe ends in terminal pores vs. terminal fissures bent clearly onto the valve mantle. Distinguishing characters vs. formerly established similar taxa are discussed in relation to the following new species.
Concerning P. pumilum -several other small-celled Planothidium spp. are more or less similar to P. pumilum, such as P. rostratum (Østrup) Lange-Bertalot, (Fig. 10 : ah), P. granum (Hohn & Hellerman) Lange-Bertalot (see Krammer & Lange-Bertalot 1991, fig. 38: 1-9) , P. daui (Foged) Lange-Bertalot (Fig. 8: t, u) , smallcelled P. frequentissimum (Fig. 11 : a-l, also see a comparison of all these taxa, Hofmann et al. 2011, pl. 24) , additionally P. engelbrechtii (Cholnoky) Round & Bukhtiyarova (Compère & Van de Vijver 2009 ) from South Africa.
Planothidium rostratum and P. frequentissimum are mainly distinguished by the depression with "cavum" on the rapheless valve and consistently different valve outlines. P. daui and P. granum both with a missing cavum, are distinguished mainly by more or less protracted ends. Planothidium minutissimum is distinguished by rhomboidal (never elliptical) valve outlines and a unilateral "gap" on the rapheless valve between the two median striae. Finally, P. engelbrechtii, although always with elliptical outlines but without any particular mark on rapheless valves differs in (sub-)parallel (not distinctly radiate) striae of raphebearing valves.
Achnanthes quadripunctata Oppenheim (1994) , belonging nowadays to Planothidium, is as yet known exclusively from Antarctic freshwater lakes. It resembles P. pumilum in small valve diameters and external fine structure of rapheless valves. However, it differs in its distinctly broader elliptical valve shape, being 4-9 (not 3.5-4) µm broad, and the stria density is 17-18 in 10 µm on both valves (not ca. 15 on raphe valves). Concerning P. rhombiculum -the most similar established taxon is apparently P. engelbrechtii. Its true identity was insufficiently known in the past until Compère & Van de Vijver (2009) formally designated a lectotype and documented various cell cycle stages by LM and SEM photographs. It appears that "second hand" concepts have resulted in confusion, since the originally described populations from South Africa do not conform to most of the European populations that were erroneously identified as P. (Achnanthes) engelbrechtii. Thus, for instance, specimens showed by Krammer & Lange-Bertalot (1991b, figs 39: 24-28 as A. aff. engelbrechtii) match better P. rhombiculum than P. engelbrechtii s. str. The latter differs mainly in larger diameters (on average 8-19 µm long, 3.3-5.5 µm broad), a higher and consistent stria density from the centre up to the ends (16-18 in 10 µm vs. less than 14 in 10 µm proximally). This becomes obvious when comparing the recently photographed specimens, whereas the line drawings included in the protologue suggest a high resemblance between both taxa. SEM photographs of P. engelbrechtii (rapheless valves) reveal 4-seriate areolae vs 3-seriate areolae for raphe valves (cf. Lange-Bertalot is another similar taxon. It is shorter, 7.8-8.8 µm long, and narrower, 3.6 µm in the protologue; it has narrower virgae separating the larger striae (cf. the iconotype); the axial area is distinctly narrower, linear in rapheless valves. Concerning the autecology, P. granum was described from soft water, the La Vase River, Ontario, Canada, unaffected by pollution and eutrophication.
P. rostratoholarcticum -Østrup's taxon comes from Thailand ("Siam", Ko Chang Island, Indian Ocean, i.e., from the Paleotropics, whereas Hustedt's taxon from NW Germany, not far from Bremen. The question is whether both taxa are conspecific or not? Hustedt had decided later (Hustedt 1933) to synonymize his taxon with Østrup's and acknowledged the priority of the latter. Nevertheless, he may have overlooked that his own taxon from 1911 has priority in the rank of variety over Østrup's taxon, which was ranked as a species in 1902. Recently the species rank is commonly accepted for Østrup's taxon in combination with Planothidium as P. rostratum (Østrup) Lange-Bertalot.
Photographs from Østrup's lectotype slide (Lange-Bertalot in Lange-Bertalot & Krammer 1989) are shown in Krammer & Lange-Bertalot (1991b) figs 43: 1-4. These specimens are 9-14 µm long, 5-6 µm broad, stria density is ca. 11-12 in 10 µm on both valves; the shorter specimens have shortly rostrate ends, while longer ones, longer rostrate ends. The Central European populations are smaller, on average ca. 8-12 µm long and 4.5-5.5 µm broad, probably also in the maximum length. Also the ends are shorter, usually more broadly protracted, subrostrate rather than rostrate, even in the longest specimens. Stria density is ca. 14-18 in 10 µm. For SEM, external and internal view see Fig. 9 : a-g. Generally the main characteristic features are the same in Central European and paleotropical populations (the type material has not been examined under SEM). However, various specimens observed from the Paleotropical realm (South East Asia, Africa) have striae composed of four or more series of areolae on both valves, whereas the European ones have no more than two or three series. All those -albeit minor -differences let us believe that those are two different species.
Nomenclatural comment: The epithet rostratum in combination with Planothidium is no more available as a nomen novum for Hustedt's taxon in the species rank. Therefore, P. rostratoholarcticum is proposed. It refers to the similarity to P. rostratum Østrup, and geographical differentiation between paleotropical and holarctic populations.
